The properties of N-methylacetamide (NMA) molecules encapsulated in the reverse micelles (RMs) formed by anionic surfactant aerosol OT (AOT), are studied with vibrational spectroscopy and computation. Vibrational spectra of the amide I′ mode of the fully deuterated NMA-d 7 show gradual increase of peak frequencies and line broadening as the size of RMs decreases. Analyses of the spectral features reveal the presence of three states of NMA-d 7 that correspond to NMA located in the core of water phase (absorption frequency of 1606 cm ≥ 10, only the first two states are observed, whereas in smaller RMs, the population of the third state grows up to 25 % at w 0 = 2. These results indicate the general validity of the two-state core/shell model for the confined aqueous solution of NMA, with small modifications due to the system-dependent solute-interface interaction. However, simulations of small RM systems with w 0 ≤ 15 show continuous variations of the population, frequency shifts, and the solute-solvent interaction strengths at solute-interface distance less than 4 Å. Thus, the distinction of solute core/shell states tends to be blurred in small RMs but is still effective in interpreting the average spectroscopic observables.
Introduction
Reverse micelle (RM) is a self-assembled aggregate of surfactants formed in a nonpolar solvent that can enclose a water phase on its inside. The confined water phase in an RM grows with added water, and its size can be readily controlled by the ratio w 0 = [H 2 O]/[surfactant] [1] . Therefore, RMs can be an excellent model system for general confined aqueous solutions that are an integral part of living organisms with a wide range of sizes, from the interior of proteins to the interior of cells (cytosols). They can also be used as microreactors for chemical and enzymatic synthesis [2, 3] .
Because of the geometric constriction and the interaction with the surfactant layer, the properties of the confined aqueous solutions can strongly deviate from those of bulk solutions [4] . Infrared (IR) spectroscopy has been widely used to study this confinement effect since the IR peak positions and line shapes depend sensitively on the interaction of the chromophore with its environment. IR and Raman studies on the structure of confined water molecules inside RM formed by aerosol-OT (AOT) surfactants have generally established that the water phase can be divided into the core state with bulk-water like spectrum and the shell state near the interface with blue shift of the OH stretch band [5] [6] [7] [8] despite some reports to the contrary [9] . Dynamic properties of the confined water phase have also been actively investigated by time-resolved IR spectroscopy such as photon echo peak shift, pump-probe, and 2D IR spectroscopy [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In particular, it has been shown that the two-state core/shell model provides a good description of the observed absorption frequencies and vibrational population decays of the OD stretch band of the HOD molecule dissolved in the water phase, whereas the orientational relaxation and the spectral diffusion are not sensitive to the spatial location of the chromophore inside the RM [13] . The dynamics of various vibrational chromophores dissolved in the confined water phase of RM has also been investigated [21] [22] [23] [24] .
On the computational side, molecular dynamics (MD) simulation studies on the water phase of AOT RM systems with either reduced or fully atomistic RM models have been reported [25] [26] [27] [28] . They generally support the core/shell state description. Skinner and coworkers [29, 30] , in particular, directly modeled the static and dynamic spectroscopic observables of the OD stretch mode of HOD in AOT RM and noted that its orientational dynamics in small RMs attain the bulk limit at larger distances from the interface as the RM size decreases, due to either different interfacial curvature or ion concentration.
In this paper, we study the solvation environment of NMA (N-methylacetamide) molecules dissolved in the water phase of AOT RM with IR spectroscopy and computation. We have previously developed a computational method to describe the vibrational solvatochromism of NMA in aqueous solution using the electrostatic distributed interaction site model and MD simulation [31] [32] [33] [34] [35] [36] . This method describes the vibrational frequency shift due to chromophore-solvent electrostatic interactions in terms of the solvent electric potential at selected sites on the chromophore with parameters optimized through electronic structure calculations on small clusters. When combined with electric potential due to solvent partial charges extracted from MD trajectories, this method can quantitatively predict the solvatochromic frequency shifts of amide modes of NMA. Moreover, it has been shown that this procedure can be inversely applied to extract local electric field information at solute sites from experimental spectroscopic measurements of amide I and II frequency shifts [36] . We apply this method to the NMA solvation in the confined aqueous solution of AOT RM and investigate its difference from the solvation in liquid water, i.e., confinement effects on peptide vibrations. For the present, we mainly focus on the static and structural aspects of confined solvation. Strictly speaking, since the solvation environment inside the AOT RM is quite different from that in bulk solution due to the presence of ions and interfaces, different optimization of the model parameters or generalization of the theoretical framework would be desirable. However, in this initial effort, we pursue a qualitative or semi-quantitative study and will apply the bulk water parameters. Possible artifacts due to the presence of strong ionic charges will be mitigated by scale-down of partial charge of Na + counterion. This approach turns out to be quite satisfactory in understanding the primary differences of the solvation environments in the RM and bulk systems.
In the next section, we describe the experimental and computational methods. Then, in section Results and discussion, the experimental results and their analysis with simple two-or three-state models are presented, followed by full discussion of the computational results. Finally, we conclude with a summary of new findings and perspective on future study. The size of the water nano-pool (including NMA-d 7 ) is determined by the molar ratio of water to surfactant w 0 , and its diameter is given approximately as d w = 0.29w 0 + 1.1 (nm) [37] . In the present experiments, the sizes range from 1.7 to 9.8 nm. Such variation makes it possible to determine the influence of the size of the water pool on water H-bond structure and dynamics and the distribution of NMA-d 7 solute in the RM. The approximate sizes of the water pools as well as the number of encapsulated NMA-d 7 molecules are listed in Table 1 .
Methods

Experimental
All FT-IR (Fourier-transform infrared) absorption spectra were collected by using the Bruker FT-IR spectrometer (Vertex 70, Bruker Optics Korea, Bundang, Korea) with 1 cm -1 resolution at 22 °C. The optical density of the sample for the experiments was adjusted to be ~0.2 at the peak. The sample solutions were housed in a Harrick cell with two CaF 2 windows. The cell path length was varied by using a Teflon spacer (Harrick Scientific Products, Pleasantville, USA) with different thickness (25 or 56 μm). 
Computation
MD simulations of the NMA-d 7 solute enclosed in a few AOT RM systems with different RM sizes were carried out and the results were used to study the structural and dynamic properties of the solute as well as the vibrational frequency shifts of its amide I′ mode. The frequency shifts were calculated using the electrostatic distributed interaction site model for vibrational solvatochromism previously developed for the NMA-d 7 molecule in D 2 O [36] , and the solvent electric potentials at the distributed interaction sites of the solute were obtained from MD simulations. The computational method is briefly described below.
MD simulations
The NMA-d 7 -RM systems were modeled in similar ways to previous MD simulation studies on the AOT RM systems [26, 28] . An NMA-d 7 molecule is placed inside an AOT RM filled with D 2 O. To neutralize the negative AOT charges, Na + ions were added in the D 2 O phase. The entire RM system is immersed in isooctane solvent. We employed the united-atom TraPPe model [38] for the isooctane molecule and the hydrocarbon tail part of AOT. This choice is expected to provide a reasonable description of the nonpolar parts of the system while greatly reducing the computational cost compared to all-atom models. The parameters for the anionic AOT head group were taken from the CGenFF 2b7 model [39] which is compatible with the CHARMM force field. The TraPPe model employs fixed bond lengths but the NAMD program used in the MD simulation requires all bonds composed of nonhydrogen atoms to be flexible. Therefore, the bonds in TraPPe-described parts were allowed to vibrate with harmonic force constants from the CHARMM22 or CGenFF 2b7 force fields. The rigid TIP4P model with hydrogen mass of 2 g/mol was used for D 2 O, and the CHARMM22 model was used for the NMA-d 7 . For Na + ion, we have initially tried the CHARMM22 parameters but later switched to the model by Jensen and Jorgensen developed with the TIP4P water [40] because the former produced unreasonably strong Na + -carbonyl group interaction. All MD simulations were carried out with the NAMD 2.9 package [41] . In the simulation, all bonds involving hydrogen or deuterium were constrained to a fixed length and time step size of 2 fs was used. Periodic boundary condition was used. The Lennard-Jones interaction was truncated at 12 Å, and the long-range electrostatic interaction was calculated with the particle mesh Ewald method. When necessary, the temperature and pressure were controlled with Langevin dynamics as implemented in NAMD.
Four different systems with water content w 0 = 2, 5, 8, and 15 were prepared according to the molecular composition shown in Table 2 . The numbers of AOT and water molecules in each RM were determined by interpolation of the light scattering data [42] , and they are similar to those used by Chowdhary and Ladanyi [26] . The resulting sizes of the RM are slightly smaller than the estimates from the viscosity measurement [37] shown in Table 1 . Each system was first equilibrated under the constant NPT condition at 1 bar and 298 K for at least 40 ns, then under the constant NVT condition at 298 K for 60 ns. During the equilibration, the shape of the RM, which was initially spherical, is found to deform noticeably to become ellipsoidal ( Fig. 1) . At the end of the equilibration, 10 configurations were saved at 2-ns interval and they were taken as the starting points in the production runs under the constant NVE condition. The resulting 10 trajectories, each lasting 10 or 20 ns, were used for analysis. In a few of them, the NMA-d 7 molecule is found to escape the RM to the isooctane phase and such trajectories were excluded from the analysis. The actual number and length of trajectories used in the analysis are indicated in Table 2 .
Computational prediction of vibrational solvatochromism
The frequency shifts of the amide I′ mode of NMA-d 7 in the RM environment can be calculated from the following relation describing vibrational solvatochromic frequency shift due to the solute-solvent electrostatic interaction [35, 36] ω φ
where Δω is the frequency shift of the amide I′ mode from the gas phase value of 1696.5 cm
is the electric potential at solute site R x due to solvent, and l x are parameters connecting the two quantities. The latter parameters were determined from the least-square fitting of the frequency shifts obtained from electronic structure calculations on a number of NMA-d 7 -n(D 2 O) clusters on one hand, and the electric potentials due to classical point charge representation of the same solvent configurations on the other hand. By choosing the Table 2 Molecular compositions and the sizes of the four RM systems studied computationally. The RM of each system also contains one NMA-d 7 molecule and the same number of Na + counterions as AOT. a AOT is the surface area per AOT molecule, R W is the effective radius of the water phase assuming spherical shape and bulk density, L is the system size at 1 bar and 298 K, and "Traj." is the length of equilibrated MD trajectories used for analysis. positions of carbonyl oxygen, amide deuterium, and the midpoint of the C-N bond as the three interaction sites (N = 3, Case I of ref. [36] ), the optimized l-parameters have been calculated as l O = -6.8456, l D = -0.7456, and l CN = 7.5912 in units of 10 -3 e [36] . The time series of frequency shifts Δω(t) can be calculated from these parameters using eq. 1 and the MD trajectories. As a measure of solvation dynamics, we have also calculated the frequency-frequency correlation function (FFCF) C(t) = 〈δω(t)δω(0)〉 given in terms of the frequency fluctuation δω(t) = Δω(t)-〈Dω(t)〉.
The relation between the solvent electric potential and the frequency shift shown in eq. 1 can also be used to quantitatively determine the electrostatic environment of the solute from experimental peak shift data [36] . In particular, by employing the carbonyl carbon and oxygen as two interaction sites (N = 2 in eq. 1), the magnitude of the solvent electric field E CO at the carbonyl group can be calculated as follows:
where r CO is the CO bond length (1.22163 Å) and l′ is the solvatochromic parameter optimized for the two-site model (0.00790767 e). This relation was used in the electric field estimation listed in Table 1 .
It should be noted that the electrostatic environment of the AOT RM interior is significantly different from that of liquid D 2 O due to the presence of ions and interface. Thus, the l-parameters optimized in D 2 O would produce less accurate frequency shifts in the RM environment. A model electronic structure calculation on the Na + -NMA-d 7 cluster indicates that the present model can significantly overestimate the amide I′ mode frequency shift, by more than 50 % at close contact (data not shown). To possibly reduce errors of this kind in the absence of a general solvatochromic model for ionic or inhomogeneous medium, we took a temporary measure and tried scaled-down charges for the Na + ions (q = 0.75 and 0.875 e) in addition to the full charge (q = 1 e) in the electric potential calculation. A similar scaling approach has been used by Skinner and coworkers for NaBr solutions [43] .
Results and discussion
Experimental IR spectra , respectively). The peak position and linewidth increase monotonically with decreasing w 0 (Fig. 2b) . In the smallest RM with w 0 = 2, the peak blue-shifts by ~19 cm -1 from w 0 = 30 and the linewidth increases to 47.8 cm -1
. In addition, in small RMs, a shoulder peak emerges on the high-frequency side of the band which becomes quite distinctive at w 0 = 2.
The observed peak shift and line broadening of the amide I′ band clearly indicates that the interaction of NMA-d 7 with the medium is, on average, weaker and more diverse (heterogeneous) in the RM environment than in bulk aqueous solution. Since the dependence of these spectral features on w 0 is monotonic, the transition in the solute/solvent interaction would have to be directly related to the size of the RM that varies 5-fold in the systems studied here and, in turn, to the water content w 0 (see Experimental section and Table 1 ). In many previous studies on water properties in the RM system [5-8, 11, 29] , the two-state core/shell model has often been used to interpret experimental findings. In the model, the water phase inside the RM is divided into two regions: (i) the core region resembling bulk aqueous medium and (ii) the shell region consisting of interfacial water interacting strongly with surfactant head groups. Due to the different surface-to-volume ratio of different-sized RMs, the relative weight of these states should directly correlate with w 0 . The gradual transition of spectral features observed above suggests that similar concept can be applied to the solvation environment of NMA-d 7 .
To rationalize the experimental results, therefore, we have analyzed the observed spectra with two-and three-state models. In the two-state model, the spectra of the bulk D 2 O solution and the RM at w 0 = 2 were each fit to a Gaussian shape and the results were taken as core and shell reference states, respectively ( Fig.  3a and b) . Since the spectrum at w 0 = 2 has a distinctive shoulder, we have also tried a three-state model where the spectrum at w 0 = 2 is resolved into shell-1 and shell-2 Gaussian components by fitting (Fig. 3c ) and used together with the core state as three reference states. Then, the relative population of the two or three components was optimized for each spectrum at every w 0 . The results are summarized in Table 3 and Fig. 4 . Figure 4 particularly compares the experimental spectra with the population fitting results using the twoand three-state models for w 0 = 5, 15, and 30. At w 0 = 5, the two-state model cannot adequately reproduce the asymmetric shape of experimental spectra while the agreement is significantly improved in the three-state model. On the other hand, in larger RMs at w 0 = 15 and 30, the population of the shell-2 state vanishes and the two-and three-state models produce nearly identical results. The relative populations of the two models are tabulated for the entire set of RMs in Table 3 . Here, the population of the shell-2 state is important only in RMs with w 0 ≤ 8 and a two-state model is enough to describe the observed spectra in larger RMs. The population reversal of the core and shell states are observed between w 0 = 5 and 8 in the two-state model, and around w 0 = 8 in the three-state model. Thus, the precise turnover point between the states depends sensitively on the choice of reference states. Overall, the population of the core and shell states varies monotonically with the RM size. The rapid initial decrease of the shell state population at small w 0 mainly reflects the rapid change in the surface-to-volume ratio, which scales as 1/d w . 
Computational results
The frequency shifts of the amide I′ mode of NMA-d7 were calculated with the three-site electrostatic solvatochromic model in eq. 1 and the electric potential generated by surrounding solvent charges in MD trajectories (Section Computational prediction of vibrational solvatochromism). Since the strong charge on Na + ions produces a large error in the frequency shifts as noted above, scaled-down Na + charges of 0.875 and 0.750 e were also tried in addition to the full charge of 1 e. The distribution of the calculated frequency shifts are displayed in Fig. 5 mean and standard deviation are listed in Table 4 As expected, the scaling of Na + charge q has a large effect on the frequency shift distribution. First, when q = 1 (Fig. 5a ), we observe a small side peak at Δω ~ -20 cm -1 that becomes stronger with decreasing w 0 . As q is scaled down, this peak becomes weaker and red-shifts, changing to a small shoulder in the distribution at q = 0.875 (Fig. 5b ) and eventually merging with the main distribution at q = 0.75 (Fig. 5c) . Analysis of MD configurations reveals that this peak corresponds to interfacial NMA-d 7 that has no carbonyl-water H-bond interaction but has an Na + ion located on the opposite side of NMA from the carbonyl group, 6-7 Å away from the carbonyl oxygen. This Na + -NMA interaction is likely to be weak because Na + is located near the amide hydrogen side of the NMA molecule. In this configuration, the electric field exerted by the Na + ion tends to cancel out the usual solvent reaction field associated with normal solvation configurations, resulting in the dramatic decrease in frequency shift. This reverse electric field effect would weaken at smaller q, consistent with the changes observed in Fig. 5a -c. Considering various computational uncertainties (see below), the computed peak shifts from this kind of rear ion configurations (-20 to -40 cm -1 depending on Na + charge scaling) are not far from the experimentally determined peak shift of about -50 cm -1 for the shell-2 state (Fig. 3c) . We therefore suggest that the shell-2 state is composed of the small number of interfacial NMA-d 7 that has no strong specific interaction with water molecules or surfactant head groups but has a spectator Na + ion located around its amide hydrogen. The distribution of NMA-d 7 in the RM environment was examined with two kinds of coordinates representing the solute location inside the RM. First, we have defined the center of RM as the center of mass of all AOT sulfur atoms. Then, assuming a spherical shape of RM, the radial distance of NMA-d 7 , R, can be defined as the distance between the center of mass of NMA-d 7 and the RM center (see inset of Fig. 6a) . Since the present RM systems are found to deform significantly (Fig. 1) , we have also tried an alternative coordinate ρ which is essentially the distance of NMA-d 7 from the interface. ρ was defined by (i) identifying a small cluster composed of AOT sulfur atoms (N ≤ 4) that are closest to NMA-d 7 , (ii) calculating its radial distance R S as the distance of its center of mass from the RM center, and (iii) subtracting R from R S , that is, ρ = R S -R (see inset of Fig. 6a ). With this definition, positive ρ corresponds to NMA inside RM and negative ρ, outside. The distributions of NMA-d 7 in terms of the coordinates ρ and R were calculated from the MD trajectories and are displayed in Fig. 6 . The distribution vs. ρ shown in Fig. 6a are rather similar for the small RMs with w 0 = 2, 5, and 8 but is noticeably shifted inwards by more than 2 Å at w 0 = 15. This is consistent with the frequency shift distributions discussed above. The radial distance distribution in Fig. 6b are roughly centered at the positions of interface, defined as the average radial distance of all AOT sulfur atoms and marked with vertical lines, for w 0 = 2, 5, and 8, but is peaked well inside the water phase for w 0 = 15. The distributions in Fig. 6 are all rather continuous without easily identifiable discrete states of NMA-d 7 , even after they are converted to volume densities in Fig. 6c .
and their
We have also examined the number and types of interactions that NMA-d 7 makes with surrounding RM environment. By inspecting the radial distribution functions of all possible pairs of polar or ionic atoms, one , or AOT, we have identified four important interaction pairs that produce well-defined first solvation shell: (i) carbonyl oxygen-water deuterium (O-Dw), (ii) carbonyl oxygenNa + (O-Na), (iii) amide deuterium-water oxygen (D-Ow), (iv) amide deuterium-sulfonate oxygen (D-Os). Since all of these four types of interaction contribute to the blue shift of the amide I′ mode of NMA-d 7 in a roughly additive manner, we treat them collectively by summing up the four types of contact numbers. For the definition of contact, we have used the cutoff distances determined from the first minimum of each radial distribution: 2.4 Å for O-Dw, 3.4 Å for O-Na, 2.7 Å for D-Ow, and 3.0 Å for D-Os. Test calculations confirmed that this choice provides stable and consistent results with uncertainties of less than 5 % for the present systems. The distribution of the sum of all four contact numbers are displayed in Fig. 7 . As is well known, in liquid D 2 O, To examine how the intra-RM location of NMA-d 7 affects its properties, we have classified the trajectories of instantaneous properties according to the coordinate ρ and took averages and standard deviations over 1-Å intervals in ρ. The results are displayed in Fig. 8 for the amide I′ frequencies and in Fig. 9 for the four contact numbers mentioned above and their sum. The mean frequencies of amide I′ mode in Fig. 8a show monotonic decrease as ρ changes from -10 Å (inside the hydrocarbon tails of surfactant) to +10 Å. The frequencies at ρ = -10 Å are very close to the gas phase value of 1696.5 cm ) at large ρ (core of water phase). The frequency profiles are very similar regardless of the RM size, indicating that ρ is a good representation of the electrostatic environment of the RM systems. Since the frequency begins to deviate from the bulk liquid value only at ρ < ~4 Å, this distance can be regarded as the boundary of the core and shell regions of the water phase. The standard deviation of the frequency distribution in Fig. 8b shows that the environment is much more inhomogeneous in the core water phase than in the interfacial region. This is in stark contrast with the experimental result in Table 1 and Fig. 2 , which show larger linewidth as the relative content of the "shell" state increases with decreasing w 0 . Thus, the apparent linewidth variations of the total spectra are due to the relative population changes of the two dissimilar core/ shell sub-ensembles rather than the homogeneous change of the entire water phase. The changes in intermolecular interactions of NMA-d 7 are displayed in Fig. 9 as a function of ρ. The contact numbers of O-Dw and D-Ow pairs (Fig. 9a and c) (Fig. 9b and d) . However, they cannot fully account for the loss of water, and the total contact number in Fig. 9e shows steady decrease with decreasing ρ. Finally, we note that the contact number profiles at w 0 = 2 are very different from the rest of RM systems, indicating its unique solvation environment. A similar discrepancy of the RM at w 0 = 2 is also observed in the ρ-dependence of the frequency distribution in Fig. 8b . This may be attributed to much smaller a AOT and higher ion concentration of this system as shown in Table 2 .
In Fig. 10 , we have displayed the amide I′ frequencies as a function of the total contact number of NMA-d 7 . Compared to the liquid D 2 O case, the RM systems exhibit slightly more sensitive dependence on the contact number. Also, at the same contact number, NMA-d 7 in the RM systems consistently exhibit 15-20 cm -1 higher frequency than in liquid D 2 O. This is clearly due to non-neighboring long-range solvation effect and indicates that the finite size of the water phase in the RM systems exerts significantly smaller reaction field on NMA-d 7 than liquid D 2 O. The frequencies at w 0 = 2 again exhibit much weaker contact number dependence, unlike all other cases, indicating the large influence of environment outside the NMA's first solvation shell. As a representative dynamic property, we have calculated the frequency-frequency correlation function (FFCF) in Fig. 11 . According to this, the time scale of frequency correlation decay increases by more than an order of magnitude from liquid D 2 O to RM system at w 0 = 15. It further increases dramatically at w 0 = 8, then somewhat levels off in smaller RMs. This is most likely due to the interfacial environment, which tends to slow down the medium fluctuations and prolong the memory of frequencies. Although not investigated any further in this study, these vastly different time scales would have significant consequences on the motional narrowing of IR linewidths.
Summary
In this paper, we have investigated the local solvation environment of NMA-d 7 confined in the water phase of AOT RM systems with the IR spectroscopy and computation. Gradual blue shifts and line broadening of the amide I′ band of NMA were observed as the size of RM decreases in proportion with the water content w 0 . This indicates the weakening of solute-environment interactions and the involvement of more than one solvation state of the NMA solute in the RM environment. By analyzing the IR spectra in RMs of different sizes, we were able to identify two solvation states of the solute, the core and shell states, which have often been associated with the bulk-like and interfacial water, respectively, in previous studies on confined aqueous medium. It was found that the solvation environment of NMA in the RM can be regarded as the superposition of these two distinct states, whose relative weights change continuously with the size of RM. A small population of a third state (termed "shell-2" state above) with even weaker intermolecular interaction was also found in small RMs, but its existence does not markedly change the two-state picture.
For microscopic understanding of the experimental findings, MD simulations and electrostatic solvatochromic model analysis of the NMA-RM system were carried out. The computed peak shifts do not agree quantitatively with experiments, especially in small RMs, due to uncertainties regarding the employed force field models and the choice of water pool size at a given water content w 0 , and the lack of a general solvatochromic model applicable to the ionic and inhomogeneous environment. However, the experimentally observed frequency shifts and line broadening are correctly reproduced by the series of computation for RMs with w 0 = 8 and 15 and liquid D 2 O. MD simulation also revealed a small number of interfacial NMA free of strong intermolecular interactions that exhibit large blue shift. This possibly corresponds to the shell-2 state identified experimentally. The distribution of NMA inside the RM, whether they are expressed in terms of the NMA-interface distance ρ or the radial distance of NMA from the RM center, is rather continuous with maximum probability near the interface. Thus, at least in the RM sizes covered by computation (w 0 ≤ 15), the distinction of core/shell states becomes just two extreme cases of a manifold of continuously varying solvation states. Because of this, the peak shift, degree of inhomogeneous broadening, and the strength of various NMA-medium interactions all vary smoothly with the coordinate ρ. Regardless of the RM size, the amide I′ peak position and the total strength of NMA intermolecular interaction begin to deviate from the bulk-like values when NMA approaches within ~4 Å from the interface. It was also found computationally that the finite size of the water phase in RM systems and the resulting decrease of long-range solvent reaction field lead to blue shift of the amide I′ band by as much as 20 cm -1 and that the frequency fluctuation of NMA slows down dramatically near the interface compared to the core state.
In conclusion, vibrational spectroscopy of solute molecules confined in the RM systems is an effective way to monitor the variation of their solvation environment and understand the nature of confined aqueous solution. We plan to extend the present study with different solutes containing various IR probing units and different surfactants. In addition, for quantitative description of IR spectroscopy in ionic and inhomogeneous systems, a development of a general theoretical model for vibrational solvatochromism is under way.
